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1 
This invention relates o enine starters, and 
Particularly to such starters adapted-for use .in 
connection with infernal cmbustion engines of 
the free piston type. 
It is necessary in starMng such engines fo first 
place the .work .pistons at their outer terminal 
positions and then to force them to their inner 
terminal positions with a velocity substantially 
comparable fo that of the compression stroke in 
normal running of the engine whereby .pressure 
and temperature of suiïicient values may be gen- 
erated in the combustion chamber fo ignite an 
injeeted fuel charge after which the engine will 
operate in the regular .way. 
The .object of the Present invention fs .the pro- 
vision of a simple, novel and efficient pneunïatic 
starter of the character described, which will 
meet the mentioned requirements. 
The invention fs lully deseribed in .the follow- 
ing specification, and a preferred embodiment 
thereof i!lustrated .in the accompanying draw- 
ings, in wlïich: 
Figure 1 fs a .central longitudinal sectional 
view of one end p.ortion of a free Piston engine 
with he starting means embodying the inven- 
tion .associated ther.ewith; Fig. 2 fs an enlarged 
sectional detail of said.starting means; Fig. 3 fs 
a sectional view of a .suitble isolation valve; 
and Fig. 4 fs a somewhat enlarged central ver- 
tical sectionl view of one of the governor con- 
trol valves. 
leferring fo the drawings, | desigïates more 
or less diagrammaticlly one piston set of an 
internal comubustion free .piston engine includ- 
ing opposed piston sers, each set comprising a 
working piston  operating in .a chamber :, an 
air compressor piston  operating ïn a _cyinder , 
and a direct bounce piston  operating in a 
chamber , The piston .'4 divides the cylinder 
into an air con!pressor chamber  and areverse 40 
bounce chamber b. The two piston sers are 
foreed outward by combustion of charges there- 
between in the ehamber 3, supplemented by he 
effect of any pressure in chamber b, and are 
turned fo compress charges therebetveen by the 4 
force of air compressedin.the bounce ehambers 
auxîliary spaces |, and re-expansion of air 
trap.ped in Clearanee o compression chambers 
during outward movements of the pistons. The 
two direct bounce auxiliary chambers  @ are c.on 0 
nected by a pressure equlizer pipe 8 whie 
tvo reversebounce charnbers -B b are connectedby 
a pressure equalizer pipe . One only Of each.of 
the charnbers [ and b fs shown. The :pipe 
preferably connects ai each end wÆth the respec- 55 
tire direct bounce chamber [ through an .auxil- 
iary air chamber |0 whîch communicates with 
the ahamber  through a.series ol side .ports | 
and these are .spaced/from the outer end of £he 
chambers so that they will be losed by .the 
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pistons  hen.at or near the limi.of their out-. 
vard str0kes. These .Diatons .have  suiciertly 
loose fit in the .outer end of the chambrs  so 
that when the .ports are.closed.by .the .pistons .th 
air ressure in the auxiliary chmbers .t@ wll be 
ermitted to slow!y leak urd .the en .o 
ptons and to enter the free spaccs .prodd 
between .the en .of .the .pistons an .the .ends of 
the chambers ]. 
] 0 The starter means emboing .the present 
vention and which .oPerates in conneotion Wlth 
the above-noted .chamber arrangement nd.con- 
necting pipes indudes a bo 6 having a ,high 
pressée air storage chamber : (Fig..2) and a 
]5 separate .limited pressure air .charge chamber 
therein, with the former in .coection -wih 
suitable source oî air pressure .suRy thr»ugh 
a passage 8. The chamber  bas .to 
chge outlets .9 and 2 adapted to be closed bY 
0 inwardly openg valves 2 .and 22, respective!y, 
the stems of ch .project outward from the 
Chamber £hrough a wa!l thereof and into ,a 
i part R where they are respective!y engaged 
by springs 2 .and .2 .fo norma!ly :maintain £he 
25 valves seated. The outer .end portion .of .each 
valve stem is proded with  head 2'8 receing 
the thrust of its spring. The ourlet 19 has eon, 
nection through a .line .2 th the .pp 9 con, 
nec£ing £he .reverse bounce chambers _b 0f ,£he 
30 .engine, and in this line 2 is sposed :a presÇure 
regator 8 .and an outward opening check 
valve 9, so that the air passing .through the .le 
2 from the chamber . .first bas its pressure 
reduced a.predeternedextent by he regulaor 
28 .and then passes through .the ,check -vlv.e he- 
fore.entering the pipe 9, 
The o.utt .X@ .h  ooection through a 
8@ and rough  bran.h . .with he aer 
pipe 8 ..connecGng £he dizect boce .ohambers, 
and iso bas connecGon £ough a branch 
with the .crge Chamber - , ,Wth fhe pening 
between e branch 82 and,chamber :conGlly 
 Open. A presse,reg.ator 8 .is diposed in the 
Hne :8, d .an outard!y openg check 
 is .oEsposed in he ,bran.ch 8.$. The branch.8$ 
h an outwary opening..check a!ve . the'ein, 
and aiso between Such vale and the 
zegular 88 .ls provided  eied p.assage 
controlled by aneee valve 8. It.is.ths 
.ent that when the alve 22 -ls-open, :th :h!gh 
.pressée in £he Chber 18 wil Pas herero 
.deSired xten£ by .the pressée regular , 
wch it des, with Part Psing .throg h .he 
Check vve .8 and thr.ough-he branch-3 
:the .charge. chamber .., and Part passing 
the valve controlled branch 8  to th çiPe . 
:pressure regulators 28 .and 88 may-be of _.ny 
_SoEble-cotruction as weH underood in 
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left end is a stationary guide sector 70 with whtch 
the hand operated catch 7 ! on a hand lever 12 is 
adapted to engage fo hold the lever in different 
positions of adjustment-relative to the sector. 
 In the present instance, the sector bas notches 
a, b and c with which the catch engages fo hold 
the lever, respectively, in "off," "charge" and 
"start" positions. The lever is mounted on a 
shaft 1S for rocking movements lengthwise of 
Io the sector, and this shaft also carries an inde- 
pendently rockable arm 14 the outer end of 
which is provided with an arcuate surface 
concentric te the shaft axis and having a stop 
16 near ifs rear or left hand end. A spring 
1 pressed pawl 11 on the lever 12 rides atone end 
on the surface 16 and ai ifs other end on an 
inner surface of the sector 1]. This latter sur- 
face is divided lengthwise thereof into two arcu- 
are surfaces  and e that are concentric to the 
2o lever axis and are connected by a cam portion 
When the lever 12 is being moved from "off" to 
near its "charge" position, the outer end of the 
pawl 1 will ride against the surface  and cause 
the arm 14 to move therewith due fo engagement 
25 of the inner end of the pawl with the shoulder 16. 
When the lever has nearly reached said charge 
position, the outer end of the pawl 71 will engage 
and pass over the cam surface I, thereby moving 
the pawl to disengaged position relative to the 
30 shoulder 16 and maintaining such position dur- 
ing movement of the pawl along the surface 
Projecting rearwardly from the inner end of 
the arm 14 away from ifs rocking axis is an arm 
19 that is pivotally connected ai ifs outer end te 
35 a plunger 80 by a link 81, such arm and link 
forming a togle connection between the irmer 
end of the arm lg and the plunger, with such 
connection upwardly broken or raised from 
straight or dead center position when the arm 
40 is ai the limit of ifs movement fo the right. The 
plunger 8 works in a cylinder 82 and receives 
the thrust of a coiled compression spring 8S in 
said cylinder acting inwardly on the toggle link 
members 19, 81. A rod 8 projects from the 
4; pivotal connecting point 
and 8, substantially at rlght angles to the llne 
of movement of the plunger 88, and connects at 
ifs outer end to a plunger 8 operating in a cylin- 
der 81. The outer end of this cylinder relative 
50 fo the rod 8 forms an air pressure chamber that 
bas communication through a line 88 with the 
pipe S connecting the direct bounce chambers of 
the engine. If is apparent that air pressure in 
the pipe 8 acts through the line 88 against the 
 piston S6 and tends fo keep the connection 
in ifs upwardly broken position. When the arm 
1 bas been moved a short distance fo the left 
ïrom the "off" position shown, by a counterclock- 
wise movement of the lever 2 ïrom ifs "off" po- 
60 sition, the toggle connection 19, 8 will have 
lowered an extent suflicient to more the pivot 
across and below dead center position so that the 
plunger $6 will then be quickly moved downward 
in its cylinder 1 by the downward breaking 
6 movement of the toggle connection and under the 
pressure of the spring 8S, thus causing the arm 
lg to quickly more independently to the left of the 
lever 12 to ifs stop position against the part 18. 
If will be understood that at this stage in a 
0 starting operation there is practically no pres- 
sure in the direct bounce chambers 1 and conse- 
quently in the line $ with which the cylinder 81 
is connected. It will also be understood tha 
when the direct bounce pressure bas increased 
7 suflicïently in the chamber 81 to overcome the 

S 
scribed. These regulators, as Is common, are 
manually controllable to regulate the pressure 
reduction effected thereby. 
Each reverse bounce chamber  ai ifs outer 
end relative to the piston  is provided with a 
plurality of pressure relief ports 0 (one oniy 
being shown), and each is normally closed by 
a valve , the stem of which projects into a 
cylinder 42 and attaches to a piston  therein. 
A spring  acts against the piston 3 to nor- 
mally retain the valve closed and pressure is 
admitted to the outer end of the cylinder 2 
through a line 4 to act against the piston S in 
opposition to the pressure of the spring  and 
effect an inward opening of the valve . Be- 
tween the port  and cylinder 2 are provided 
a plurality of exhaust openings  for the release 
of the air pressure to the atmosphere from the 
reverse bounce chamber  when the valve is 
open. Pressure is admitted to the line 46 from 
the charge chamber I1 through a line L The 
inner end of the line 1, or that opening into 
the chamber 1, is controlied by a valve 8, the 
stem of which projects through and above the 
top wall of such chamber where it is acted on 
by a spring  fo hold the valve closed. The 
spring seats against a head or enlargement  
on the outer end of the valve stem. 
The admission of high pressure air fo the 
chamber 6 from the line 8 is controlled by a 
valve , the stem of which projects outwardly 
from the chamber walI through suitable guides 
and is acted on by a spring 2 to normally main- 
tain the valve seated. The stems of the valves 
8 and ! are disposed, in the present instance, 
in parallel relation and adjacent fo each other 
with the stem of the latter valve projecting a 
greater distance from the body ! 6 than the other 
and provided ai its outer end with a head or 
shoulder . The stems of the valves 2! and 22 
are also disposed in rather close parallel relation 
with the stem of the valve 2! projecting a less 
distance from the casing of the body  than 
the other. This relative positioning and length 
of the valves 21, 22,  and 6! are fo ïacilitate 
operation of the valves by the control means 
hereinafter described. 
A pressure relief passage 6 communicates with 
the pressure line 1 adjacent to ifs point of con- 
nection with the chamber 1 and this line is 
controlled by a normally open valve 8 and at 
the outer side of such valve by a needle vlve 1. 
The valve  projects from a plunger 8 operat- 
ing in a cylinder 9 and is normally held open 
by the pressure of a spring 60 against such 
plunger. The cylinder 9, "at the outer side of 
the plunger 68, bas communication through line 
6! wlth pipe 6 which connects the direct bounce 
chambers, so that when a suflicient pressure is 
present in the line 8 fo overcome the compression 
of the spring 6, such pressure will more the 
plunger 68 and hold the valve 6 closed if valve 
2 is in open position as later descrlbed. The line 
6! has a normally closed check valve 62 therein 
which opens outwardly from the cylinder  and 
is normally held closed by a spring 6S. This valve 
has a stem 6 projecting upwardly to exposed 
position through the portion 66 of the body I§ in 
which if is mounted, and, in the present instance, 
it is parallel fo the stms of the valves 2, 2 
8 and . The purpose of the valve 2 will be 
later described. 
The control means for the valves 2, 22, 48, 6! 
and 62 wflI now be described. Mounted in the 
present instance on top of the body I near its 



7 
enter the pressure responsive means  18 and open 
valve  9, thereby venting the bounce pressure 
chamber 7 te the atmosphere. 
The reverse bounce pressure governor B has a 
line 25 in connection with the reverse bounce 
chambers 5 b, a line  26 in connection with a high 
pressure air supply line 27, a fluid pressure line 
126, ai present in connection with the ïuel ïeed 
line of the engine, and a normally closed vent 
line 29. Line 26 acts only during running oï 
the engine as part oï the governin ïunction and 
forms no part oï the starter mechanism. A con- 
trol valve 3(] is moved te the right by pressure 
in line 25 when pressure in spring 3 is relieved 
by moving control lever 32 te_ "stop" position. 
Pressure in line 25 acts te expand abeliows ai 
the leït of valve  30 forcing the latter te the right. 
This movement of valve  30 admits pressure ïrom 
line 26 te pressure responsive means $3, which 
causes opening oï relieï valve 34 te vent the 
pressure in reverse bounce pressure line  25. Such 
venting relieves the pressure ïrom responsive 
means 66 in governor A and permits movement 
oï lever il0 by spring 09 te eiTect a venting of 
the direct bounce chambers 7 through the lines 
113 and 8. 
If is thus seen that when the engine is stopped, 
the governor B acts te relieve the reverse bounce 
pressure and that this in turn acts through 
governor  te vent the direct bounce chamber 
pressure. The invention is disclosed in con- 
junction with these governors since if has been 
constructed in this manner and the disclosure is 
thus of preferred ïorm. However, any equivalent 
pressure sensitive valve arrangement may be 
used. 
In order te make the starting means oper- 
ative in conniction with an engine havini such 
direct and reverse bounce venting means, if is di- 
sirable te have an operative connection between 
the startini and venting means, whereby the two 
governors are blocked oit ïrom the respective di- 
rect and reverse bounce chambers during the 
startini process and are opened thereto as the 
unit achieves running equflibrium. 
Te accomplish this the direct bounce pressure 
line 113 te governor A and the reverse bounce 
pressure lini 125 te governor B are each pro- 
vided with an isolating or" block-oit valve 138, 
shown in detall in iii. . Each oï these valves 
moves across the respective pressure line 125 and 
I 13 and carries a piston 136 operating in a cylin- 
dre" I6. The valve is normally held open by a 
spring 141 and is closed by pressure against the 
outer side oï the piston supplied through a line 
I2. This line connects both valve cylinders and 
is supplied with pressure from the high pressure 
air line 18 through a branch 143 extending 
through a part oï the starter body structure 15 
 (Fig. 9.). A valve 144 is acted on by a sprini I 
te normally close said branch within said struc- 
ture and the valve is unsiated by movement oï a 
bell crank lever 146. This 1ever is ïulcrumed at 
7 and has one arm engaging the valve stem 
and Ifs other arm engaging a rod I8 attached 
. te and operable by movements oï the upright arm 
of the lever 92. This attachment is such that 
upon a rearward or counterclockwise movement 
of sald livre" undm" the action oï the spring 9, 
and when the rod 90 is moved te the leït, the lever 
I,6 is moved te lift the valve 144 ïrom ifs seat 
and open the line I3. The rod 148 aise. con- 
trols a vent valve 149 te close a vent passage 150 
when the rod is moved te the leït and te open 
such passa when the rod is in its riht hand 

position. The passae 156 leads t0 the atmos- 
phere ïrom the line 1,43 at a side oï the valve 
16 opposed to the air pressure supply source. 
The vent 156 is so restricted by the throttling 
5 needle valve 151 as to retard the engagement of 
the governors A and B until after the unit 
achieves runnir equflibrium. 
A brief description of the operation oï the 
starter means is as ïollows: Presuming that the 
10 pressures in the bounce chambers 7 and connected 
auxiliary chambers 16 have been vented through 
the relief passage in governor A when the engine 
was last stopped, the operator sers the fuel feed 
for a running condition slightly greater than 
15 idling and also sers the control 132 ïor the 
governor B so as to tension the spring 131 to 
provide for proper reverse bounce eitect which 
will be achieved by the starting conditions. This 
moves the valve 13g o the left permitting a clos  
oo ing oï the relief valve 134 so that the vent from 
the reverse bounce chambers is closed, ttowever, 
the vent from the chambers 7 and 16 is stfll open 
through the governor A. The operator then 
moves the starter control lever 72 ïrom the "oit" 
5 fo the "charge" position, that is, from the « to 
the/ notches in the sector 76. The rocker arm 
74 moves with the lever in this movement due to 
the engagement oï the pawl 77 with said arm 
until the pivot 65 oï'the toggle 76, 61, has been 
20 moved past dead center position, whereupon the 
spring 3 wfll act to quickly move the rocker arm 
fo the limit of ifs rearward or counterclockwise 
movement. This m0vement oï the rocker arm 
closes valve 48 and opens the valve 51, the latter 
3,5 admitting high pressure air fo the chamber 16 
from lines 18 and 127. Ai the saine rime, when 
the lever 7- is near its "charge" position, ifs arm 
S wfll engage the head 5 and open the valve 2 I. 
This permits high pressure air to pass ïrom 
0 chamber I through the valve controlled line 27 
to the reverse bounce chambers  5 b fo force the 
engine pistons to the limit of their outward move- 
ments. The movement oï the control lever 72 
fo "charge" position moves the pawl 7 to released 
45 position relative to the shoulder 76 on the arm 
 due to one end oï the pawl riding over the 
cam portion  oï the sector 76. The lever may 
now be moved ïrom "charge" to "start" position 
or ïrom the notch  to notch c in the sector 7. 
0 This movement causes the lever arm 65 to fur- 
ther open the valve 21 and also fo engage the 
head 6 on the valve 22 and eitect an opening oï 
such valve. Thereupon the compressed air ïrom 
chamber 15 flows through the pressure regulator 
 3 and non-return check valve 34 to the "charge" 
chamber 17, the valves 8 and .56 being now 
c!osed, and also flows through lines 36, 1 and 6 
fo bufld up pressure in the direct bounce reser- 
voirs 16. This pressure also acts through line 
60 36 on piston 65. Chamber 17 should charge to 
the ïull pressure permitted by the reducer valve 
beïore chambers 15 reach their charge pressures» 
and it is the ïunction of valve 7 to produce the 
necessary restriction in line 31. When the pres- 
6 sure in chambers I reaches a certain prede- 
termined value, piston 18 overcomes the e'ffect:of 
 spring 63 and snaps the toggle 76, 61 back to lts 
initial ralsed position, and consequentiy moves 
the rocker arm 74 quickly to its forward initial 
70 position. This simultaneously opens valve 48 
and closes valve 5 I, causing the high pressure air 
fo be delivered ïrom the chamber 17 through line 
7 to piston 43 and opening vent valves 41 in re- 
verse bounce chambers '5 , and at the saine rime 
 shutting oit the high pressure supply-to chamber 



pressure of the spring 8; the plunger 88 wtll be 
moved outwaxd to cause an outward movement 
of the tenter pin 8 past dead center position, 
causinf the sprinf 83 fo then act to quickly re. 
turn the rocker ara 74 fo its rifht end position, 
as shown in Fig. 2 of the drawinfs. 
The rocker arm 74 has a rod 911 pivoted thereto 
and larojectinf forwardly therefrom, or fo the 
rifht, and throufh a guide bracket 9  rislng from 
the body $. The free end of thls rod bears 
afainst the upwaxdly and forwardly extendinf 
axm of a bell-crank lever 92 that is fulcrumed on 
the body  5, while the other arm of such lever ex- 
tends rearwardly and upwardly and bears 
wardly afainst the head $0 on the stem of tlie 
valve 48 and in opposition fo the sprinf 49. 
When the rocker arm 74 is in ifs rifht end posi- 
tion, the rod 98 acts on the lever 92 to hold the 
valve 48 raised in Ifs open position and during 
the initial rearward movement of the ara 74 the 
openinf pressure of the lever 92 on the valve is 
released, thus permittinf a closinf of such valve. 
A bell-crank lever 98 is fulcrumed to the 
bracket 9 and has a horizontally extendinf ara 
adapted fo engage the stem head $3 of the valve 
, so as fo more such valve from closed position 
when the lever arm is moved upward. The other 
arm of said lever extends downwardly and has 
an aperture therein through which the rod 
extends. Durinf a movement to the left of the 
rocker arm 74 and when if Is near the limit of 
such movement, a shoulder 94 on the rod 90 en- 
gaffes the downwardly projectinf arm of the 
lever 93 and moves the lever fo effect an unseat- 
Ing of the valve $I, thus admittoEng air from 
high pressure air supply in 27 to the Pressure 
chamber 11. This unseating action of the valve 
 is rapid due fo the rapid movement of the 
rocker arm 74 under the action of the sprinf 88. 
The control lever 72 has an arm 98 projecting 
fo the right from its inner end and provided with 
apertures through which the stems of the valves 
2 and 22 project. During the movement of the 
control lever 72 from ifs "off" to "charffe" posi- 
tion, arm 95 will engage first the head 28 of the 
valve 2 and cause an opening of such valve 
petit the pressure in the chamber  to pass 
through the line 27 and valves 28, 29 therein to 
he reverse bounce connection 9, and thence to 
the two reverse bounce chambers b fO impart 
outward stroke movements fo the piston sets. 
The control lever 72 is retined in the "charge" 
position until the pistons  have reached their 
extreme outer position, the piston heads closinf 
off ports I ! and continuing until they are in con- 
tact with or 3ust miss the ends of the cylinders 
"ne control lever 2 is then moved from notch 
 fo e on the sector 711. Durinf this movement, 
the arm 9 will act on the head 2ç of the valve 
2 and force said valve open against the compres- 
sion of its spring 2, thus permitting compressed 
air t pass from the storage chamber 11 into the 
line 3 and through branch 32 to chamber 
and through branch 31 fo the direct bounce 
chamber connection 8 so as fo build up a pressure 
in sueh connection and in the chmbers 9 suffi- 
clent fo force the engine pistons fo their inward 
positions st the required velocity. 
When the pressure in chambers 111 has built up 
to a predetermined value, this acts throuh line 
88 against the plunger 6 fo more the operating 
connection 79,  of the rocker ara upwardly past 
dea center position so as to permit the spring 
- fo act fo quickly throw sald ara to ifs rifht 
hand position st whlch tlme vIve ! Is permtted 

to close and valve 8 ls caused to open. The 
valve 48 is held open so that the pressure in the 
chamber 17 is admitted through the lines 7 and 
45 to the cylinder 4 to act against the pistons 48 
5 therein to open the valves 41 and relieve any pres- 
sure in the reverse bounce chamber 5b, which 
might oppose inward movement of the pistons. 
A rod 18 extends rom the control lever 72 
near the inner end fo a lever 9 fo which if 
0 plvotally connects, such lever being fulcrtrned t0 
a bracket 182 risinf from the body extension 11, 
and the lower end of such lever is provided with 
a cam foot 88 acting against the outer end of 
the stem 84 of the valve 112. This arrangement 
 is such that when the lever 2 is in ifs "off" posi- 
tion, the valve 2 is closed, and when the control 
lever is moved away from such position, the cam 
8 acts against the valve stem to open the valVe, 
thus permittinf the pressure in the line 11  to act 
2o against the plunger $8. If will be understood 
that after starting and during a runninf of the 
engine, the pressure in the line S  fluctuates with 
the pressure in the direct bounce chambers so that 
if the cennection of this line with the cylinder 
5 .9 were not cut off during such runninf of the 
enine, the valve  would bave a flutterinf 
action. If is for this reason that the startinf 
mechansm is equipped with means for openir 
the line ç! to the chamber 9 durinf a startinf 
.30 operation and to close such connection when 
st.arting has been effected. 
Eeîore outward movement of the enfine pis- 
tons I, effected by admission of air pressure fo 
the reverse bounce chambers b of the engine, the 
3 direct bounce chambers 7 are vented, in the pres- 
crit instance, by means operated automatically 
by the starter mechanism in conjunction with 
pressure control governors for the engine. Such 
governoïs are shown and claimed in Patent No. 
40 2,435,970, by Frank _r, Lewis, one of the appli- 
cants herein. These fovernors are illustrated in 
Fig. 1 and designated "A" and "B," the former 
controlling the direct bounce chamber pressure 
and the latter the reverse bounce chamber pres- 
45 sure.. The operation of these governors need 0nly 
be described suïciently in the present case to 
make their operation in connection with the 
startin mechanism clear. 
Governor A includes four pressure responsive 
50 means 5, 8, 97 and 88, tofether with a 
spring 80 actin on a lever 18 to hold It in a 
closed position when the enfine ls operatinf 
propeïly. These bellows bave connectlon, respec- 
tively, through lines   ,  12, I 3 and  4 with 
55 the compressor chambers -, the reverse 
bounce chambers , the direct bounce chambers 
7 and the scavenging receiver  . The line   
connects with the direct bounce charnber line 11 
through a pressure controlled mechanism oper- 
60 ated by the lever 110, whereby a lowering of the 
right end of such lever will cause the direct 
bounce pressure tobe increased by the admission 
of air pressure thereto, and a raisinf of such end 
of the lever will cause a venting of the bounCe 
65 chamber pressure. 
This venting of the bounce chamber pressure 
is accomplished automatically as follows: When 
the enfine is stopped the reverse bounce pressure 
is vented throufh fovernor B as hereinafter de- 
7O scribed, thus relieving pressure in the pressure 
responsive means 10 of fovernor A, which causes 
an unbalancing of the pressures afainst lever I I11 
and permits the spring 1}9 to force the right end 
oî the lever upward. This raJes valve I1 and 
7 permRs pressure from fuel oil suppIy line I [? fo 



J6. The air in the direc bounce reservoizs 
must leak areund the circumerential clearance 
e the beunce piston 6, af ifs extreme outward 
position before it can get behind the piston and 
do work While this relatively slow process 
taking place, the air in. the reverse, bounce cham- 
bers 5b wfll have drotted approximately fo 
mospheric pressure due fo opening the valve. 4|. 
The pistons thon more to their inner stroke posi- 
tions, compressing the fuel charge for- com- 
bustion. During this stroke the vent valves 
are stili held open,, since the escape of air from 
hehind the valves is prevented by valve 56. 
When the direct bounce pressure has dropped to 
some predetermined pressure, spring 60 over-. 
cames the gas load on the piston 56 allowing 
xa[ve- 56 to_ open and then the air-holding the vent 
valVes open bleeds to. the atmosphere. The drop 
in pressure behind the vent valves will be gov- 
erneoE by the opening of. needle valve 87 and: the 
vo[me of the chamber |7 . These quantifies will 
be sa regulated that the valve springs.44 in con- 
nection with the valves wilt hot overcome the 
ak. pressure and close the vent valve 4 ! untfl some 
rime during the outward tower- strokes of the 
engine tistons, after the proper air quantity bas 
beer taken into the reverse bounce chambers 
fo effect an energy balance,for the stroke. tart 
ing hving been effected in this manner; control 
lever. 7  may thon be returned af leisure 
"off" position, and ifs latch engaged with the 
sector notch a. The movement of the lever. 
of the starter mechanism fo permit closing o the 
vatve 40,. whiÇh movement occurs during the 
rearward or left hand stroke of the starter con- 
trol member 75, moves the rod |48 attached fo 
such:lever, causing a rocking of the lever |46 and 
alï opening of the valve |.4 in the high pressure 
air-line | 4:,. thus permitting such pressure fo. act 
througl the.line |4- on the pistens |9 and more 
the: blockoff valves |5 fo close the line I| of 
governor. A and line |25 of governor B, ri]us tre- 
venting the venting of both the direct bounce 
and reverse-bounce chambers. This movement 
of the-rod |.48 also: moves the:vent valve |49 to 
closed: position- to prevent any venting of the 
lines. |42, |4. The reurn of the control.member 
78 toi its.. normal position permits closing of the 
valve- |44. and moves the vent valve |.49 to posi- 
tion to: vent the passage |86, thus relieving the 
pressure- holding the- block,off valves | ]- closed 
and permitting- them te open under the tressuzes 
of their, springs. The governors A and. B. are 
thus again.rendered operative in connectionwlth 
the operation of: the engine. 
We wish if understood that out invention: 
no limited, fo any speciflc constructïen, arrange- 
ment or form of. the parts,, as it. is capable of 
numerus modifications and: changes wiçhout de- 
partin2: from.thspirikof the.clRims. 
Having thus: descrlbed out invention, what we 
claire as new,. and desire fo secure by United 
States Letters latent,.is: 
1:.  starter for an. interna]_ combustion origine 
of. the free piston type having a. direct beunce 
chamber, compression in.which tends to mare, the 
origine piston in the direction of ifs. compression 
stroke, and-a reverse b-ounce chamber» compres- 
sion in which tends to 
rection o its outward strake, comprising a source 
of gas under pressure means operable fo. cormect 
said source first with the reverse bounce chamber 
and then with the direct bounce chamber fo more 
said piston first.on its working stroke and thon on 
a compreion stroke, said means, eperating to 
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vent said everse bounce chamber prior to move- 
ment. of said piston on. a compression stroke and 
automatic means for cutting off the source con- 
nection to both Said chambers when a predeter- 
5 mined pressure bas been obtained in the direct 
bounce chamber. 
2. An arrangement as called for in claire 1, to- 
gerber with means operable fo vent said direct 
bounce and reverse bounce chambers when the 
!o engine is af res£, and means operable by theflrst 
mentioned means to render said vent means in-. 
oterbte during predetermined portions of a 
starting operation. 
. A. starter for an. internal combustion engine 
15 of the free tiston type having a direct bounce 
chamber, compression in which tends fo more the 
engine piston, in the direction of ifs compressior 
stroke,, and a reverse bounce chamber, compres-- 
sion in vihich tends to. move the piston in the di 
20 rectionof its eutward stroke, comprising a sourcë 
of gas under pressure, manually operable means 
-to. cennect sald source first with the reverse 
bounce chamber and thon with the direct bounce 
chamber,, an exhaust valve for the reverse bounce 
°5 chamber; and automatic means responsive fo a 
predetermined direct bounce chamber pressure 
for opening said exhaust valve- after the direct 
bounce chamber is Çonnected fo said sottrce. 
4. A starter for an internal combustion engine 
o o the free piston type having a direct bounce 
chamber, compression, in which tends to more 
the engine piston, in the direction of ifs compres- 
sion strke and. a reverse bounce chamber, com- 
pression in. which tends fo more the piston in the 
;5 direction- of ifs outward stroke, comprising 
source of gas under pressure, manually operable 
means to connect said  source flrst with the 
reverse bounce chamber and thon with the 
rec bounce chamber, an. exhaust valve for the 
» reverse bounce chamber, and automatic mea-us 
responsive fo. predetermined pressure in the di 
rect bounce chamber for opening said exhaust 
valve and fòr cutting off the connections fo said 
source 
5 5.  sta.rter for an infernal combustion origine 
of the free piston type. having a direct bòunce 
chamber,, compression- in which tends to move the 
origine piston, in the direction of ifs compression 
stroke,, and a reverse, bounce chamber, comptes- 
50 sion in which tends fo more the piston in the di- 
rection ofifs outward stroke, comprising a source 
of gas under pressure; two valves for connecting 
saioE source with said chambers respectively, and 
manually operable means movable in one direc- 
t5 tion. fo. first open. the valve fo the reverse: bource 
chamber and further, on ifs movement fo open 
the valve- te- the direct bounce chamber, an ex-- 
haust valve, for- the reverse bounce chamber, and 
means operable by pressure connected fo the di- 
6O rec. bounce chamber fo. open said- exhaust valve 
G. A starter- for- an internal combustion engine 
of the free. piston- type having a direct bounce 
chamber, compression in which tends fo move-the 
engine piston in the direction of ifs compression 
65 stroke, al: a reverse bounce chamber, compres- 
sion in which tend to move the piston in: the 
direction of ifs outward stroke, comprislng an 
auxfliary chamber connected b:¢ a leakage pas- 
sage fo. the direct, bounce chamber vhen: the 
70 engine piston, is. af: the- end. of ifs working stroke 
and by open ports when the-piston bas moved 
a short distance on. ifs compression stroke,, a 
source-of gas under pressure, a manually operable 
valve-for connecting said. source with said reverse 
75 bounce: chamber, a manualty operable valve fbr 
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connecting said source with said auxiliary cham- 
ber, an exhaust valve for the reverse bounce 
chamber, and means operable by pressure in 
said auxiliary chamber te open said exhaust 
valve. 
7. A starter for an internal combustion engine 
of the free piston tYPe having a direct bounce 
chamber, compression in which tends te more 
the engine piston in the direction of its com- 
pression stroke, and a reverse bounce chamber, 
compression in which tends te more the piston 
in the direction of its outward stroke, compris- 
ing a source of gas under pressure, means pro- 
viding a storage chamber for gas under pressure, 
manually operable means for connecting said 
source te said storage chamber and connecting 
said storage chamber te said reverse bounce 
chamber, manually operable means te thereafter 
connect said storage chamber te said direct 
bounce chamber, means te vent said reverse 
bounce chamber after a predetermined pressure 
bas been attained in said direct bounce chamber 
and automatic means responsive te direct bounce 
chamber pressure te break the connection be- 
tween said source and said storage chamber. 
8. An arrangement as catled for in claim 7, to- 
gether with vent means operable te vent both said 
bounce and reverse bounce chambers when the 
engine is stopped, and means for rendering said 
vent means inoperabte during predetermined 
portions of a starting operation. 
9. A starter for an internal combustion engine 
of the free piston type having a direct bounce 
chamber, compression in which tends te more 
the engine piston in the direction of its compres- 
sion stroke, and a reverse bounce chamber, com 
pression in which tends te more the piston in the 
direction of its outward stroke, comprising a 
source of gas under pressure, means providing a 
storage chamber for gas under pressure, man- 
ually operable means for connecting said source 
te said storage chamber and connecting said 
storage chamber te said reverse bounce chamber, 
manually operable means te thereafter connect 
said storage chamber te said direct bounce cham- 
ber, an exhaust valve for the reverse bounce 
chamber, and automatic means operable by pres- 
sure connected te said direct bounce chamber te 
break the connection from said source te said 
storage chamber and te open said exhaust valve. 
!0. A starter for an internaI combustion engine 
of the free piston type having a direct bounce 
chamber, compression in which tends te more the 
engine piston in the direction of ifs compression 
stroke, and a reverse bounce chamber, compres- 
sion in which tends te more the piston in the di- 
rection of its outward stroke, comprising a source 
of gas under pressure, manually operable means 
te connect said source flrst with the reverse 
bounce chamber and then with the direct bounce 
chamber, an exhaust valve for the reverse bounce 
chamber, automatic means responsive te direct 
bounce chamber pressure ïor opening said ex- 
haust valve after the direct, bounce chamber is 
connected te said source, and automatic means te 
close said exhaust valve after the piston starts on 
its next working stroke. 
1!. A starter for an internal combustion engine 
of the free piston type having a direct bounce 
chamber, compression in wrch tends te more the 
engine piston in the direction of its compression 
stroke, means operable te vent said bounce cham- 
ber when the engine is stepped, and a reverse 
bounce chamber, compression in which tends te 
more the piston in the direction of ifs outward 
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stroke, comprislng g source of gas under pres- 
sure, manually operable means te connect said 
source first with the reverse bounce chamber and 
then with the direct bounce chamber, an exhaust 
5 valve for the reverse bounce chamber, automatic 
means responsive te direct bounce chamber pres- 
sure for openlng said exhaust valve after the di- 
rect bounce chamber is connected te said source, 
and automatic means te close said exhaust valve 
]9 after the piston starts on its next working stroke, 
and means operable by said manually operable 
means te render said vent means inoperable dur- 
ing admission of the gas pressure te said reverse 
bounce and direct bounce chambers during a 
15 starting operation. 
12. A starter for an internal combustion en,ne 
of the free piston type having a direct bounce 
chamber, compression in which tends te move the 
engine piston in the direction of its compression 
2(} stroke, and a reverse bounce chamber, compres- 
sion in which tends te more the piston in the 
direction of its outward stroke, comprising a 
source of gas under pressure, manually operable 
means te connect said source first with the 
25 verse bounce chamber and then with the direct 
bounce chamber, an exhaust valve for the reverse 
bounce chamber, automatic means responsive te 
direct bounce chamber pressure for opening said 
valve, automatic means te close said exhaust valve 
0 after the completion of the compression stroke, 
and means for adjusting the last said means se 
that a predetermined portion of the next work- 
ing stroke elapses belote the exhaust valve closes. 
13. A starter for an internal combustion engine 
5 of the ree piston type having a direct bounce 
chamber, compression in which tends te more the 
engine piston in the direction of its compression 
stroke, and a reverse bounce chamber, compres- 
sion in which tends te more the piston in the 
40 direction of ifs outward stroke, comprising a 
source of gas under pressure, manually operable 
means te connect said source first with the re- 
verse bounce chamber and then with the direct 
bounce chamber, an exhaust valve for the reverse 
5 bounce chamber, and automatic means for open- 
ing said exhaust valve after the direct bounce 
chamber is connected te said source, said auto- 
matic means comprising a toggle, connections te 
said manually operable means for breaking the 
50 toggle in one direction, a spring for holding the 
toggle broken, a piston cormected te said toggle. 
a cylinder around said piston, and means provid- 
ing a passage frein the direct bounce chamber te 
said cylinder te straighten the toggle when a pre- 
5 determined pressure is present in the direct 
bounce chamber. 
14. A starter for an infernal combustion engine 
of the free piston type having a direct bounce 
chamber, compression in which tends te move the 
60 engine piston in the direction of its compression 
stroke, and a reverse bounce chamber, compres- 
sion in which tends te more the piston in the 
direction of ifs outward stroke, comprising a- 
source of gas under pressure, a storage chamber, 
65 manually operable means for connecting said 
source te said storage chamber and connecting 
said storage chamber te said reverse bounce 
chamber, manually operable means te thereafter 
connect said storage chamber te said direct 
70 bounce chamber, an exhaust valve for the reverse 
bounce chamber, and automatic means operable 
by pressure connected te said direct bounce 
chamber te break the connection frein said source 
te said storage chamber and te open said exhaust 
75 valve, said automatic means comprising a toggle, 



eonneconsto aidmanually 
breakhag tha toggle. n ane. directions, a rin. for: 
ho!din, th, togg! broken, a pst çod_ to: 
tha togle, a clindez arund said pis.ton, and 
means provldin- a.passafrom:the, dize¢ bounc 
chambez to.said coElnder to. stzaihen thatoggle 
when. a pred.termlnsd pressure is. present  th¢ 
bounc_e, chambz 
15. A- tartr. for an intrnl combustion, 
gne. of the. fr pton tp having, a dic 
bounc chamber, ompressio in whlch nds 
mov ths; engn piston. In the. dize.ction of. 
compression stroke, and a r.evs b.ouDe- cham- 
bz, compression in which tend, to mo the pis- 
ton in th zction of. itS utward stroke,, com 
prising  sourc.e, of gas under pressuçe, manual 
opérable, means, to connect said source, first wih 
the reverse bounce chamber and then with the 
dirc bonnee chambez, s,n. exhaust valve or th 
reverse-bounc chambz, and automatic means 
for opening-said exhaust valve after the dirc 
bounc chamber is connected fo. sid source., said. 
automatio mans comprising, a. sprg normally 
closing said exhaust valve, a piston and cyMnder 
pressure which overcomes the sprlng and opens 
the valve, means for lntroducing and trapping 
valve-opening pressure In. sid cylnder; and a 
leak passage allowing gas. fo escape from said 
cylinder. 
16. An arrangement, as cal!ed ïor in cla 15 
togthe with means normally standing open and 
respire fo pressure in said direct bounce 
chamber fo close sd leak passage, and mans 
normallF rendering said responsive means in- 
operative and manuat opm;able to rende said 
responsive means orable. 
1. An apParatus for cotrolling starting Of an 
infernal combustion free piston mache hang 
an air compressor piston subject on one side fo 
air in. an air compressing chamber and on 
opposite side fo air in a reverse, bounce chamber, 
a rigidly connected power piston operable by 
products oï combustion from compression igni- 
tion in a power chamber fo actuate sid comptes.- 
sot piston on a-n air compression stroe, and 
 rect bounce air cushion means ïor actuting 
sd piston on an air intake stroke and o. provide 
compression ignition, said apparat compising 
reverse bounce supç]y means ïor suplying fld 
under pressure fo sd reverse bounce chamber 
fo moving said pistons on an air compression 
strok to a starting position, direct bounce sup.ly 
mens operable upon movement of said pistons fo 
said statg position fo supply fluid under pres- 
sure fo said air cushion means, ven valve mans 
for releasing fluid under pressure ïrom. said e- 
verse bounce chamber fo tender said fluid under 
pressure  said cuion means effect!e fo more 
said pistons on said intake strok fo provide, com- 
pression ignition, and sequence means operab!e 
upon a chosen increase in pressure in said cushion 
means fo effect operaion of said reverse bounce 
suply means o lt off supply oï fluid der 
pressure fo said reverse bounce chamber and o 
aIso effect operafion of said vent valve means to 
release fluid under pressure from said reverse 
bounce chamber. 
18. An apparatus ïor controling, starng of an 
in,mal combustion ïree piston machine having 
an air compressor piston subject on one side fo 
air in an air compressing chamber and on the 
opposite side  air in a reverse bounce chamber, 
a rigiy cennected power pisn operab!e bF 
produc of combustion from compression ignition 
fil a weç chamber fo act said copesor 
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bc air cushio:.mean fDr. acç sd. 
n an an r intak stroe, and f rovde 
pesso. Igion,. sid., apPaas. ¢_pFtsig 
5 v.eçse bounc, e supp]y, meas fo supp]in. 
for movLng sad psns  an air  cQpreio. 
sïo.k ,a sCaring: position,, direct buçe 
mens oerabl-uon, movm.nt O aifl 
10 fo. said $tar.tn osition t. supplF fiuid: 
pressure.  sid. air cushinï men.,, vent.: vale 
mean ïoç elea$ing: fiuid ude- pressure: 
said e«çse bounc chmbr, tç rnd. d. 
under pl'su« in. aid cushon me-u 
opeabl, uon a. chosen ire$e n.. eurç i.: 
sid cushon m  effort- operati. 
direct bounc. 8upply. mes and. rersa 
ço supp]y ms to t-off  8upp]yof 
pressu.çe t, espectiely. said qushp meaoE 
said reverse boce chamber and to also effct 
operation of said vent valve means. 
19. An appaatus for conoing statuieZ. 
fi,J in,mal combustion-ïree pisn machine, hving 
an air compressor piston subj.ect on on sld 
air in an air compressing chamber and on.he.op- 
posite side to. air in a reverse, bounce chmbeç,, a. 
rigiy conected poer piston operable by prod- 
: ucts oï combustion from compression i.tion 
in a power chamber fo actua sid complets, or 
piston on an ai compression stoke, and dec 
bounce air chion means ïor actuating said. pisr 
ton on an. air intmke stroke and  pçvd- 
:,. pession igtion, said appau coprising re- 
verse bounc supply mea for upplng fluld 
under presura fo said reverse, bunce chamb.ç 
fo moving said pistons on an air compess.o.n 
stroke fo a starting posion,, diect.bounc supp]y 
4ç mea operbl upon mvement of id. psçns 
o said starng positi0 fo supply fli-unçer 
pressure fo sd air cushiÇn. ans, ve alwe 
means for releasing fluid nder prssu 
said revers bounce chamber o rend said fluid; 
under pressure, in sad cushion mean, effc.ti to 
move sid pistons on said. intake, stroke, te pro- 
vid compression ignition sequence means, oper- 
able upon a chosen increase in presur in .aid 
cushion means fo effect operation of said direct 
5o bounce supply means and reverse bounce supp. 
means fo cut off e supply of fluid under pçes- 
s to, resectively, said cuion mens nd 8aid 
reverse bounce chamber and fo a]so eff.c.t opra 
tion of sad vent valve means, and means op- 
55 b!e upon a chosen raducien i. PSr ç _ud 
m aid_ cushion means fo effect oeratio o{ sad. 
vent valve means fo. termiate re!ee of fiuid 
under pressure ïrom said reverse bounce chambe.. 
20. An appartus for conolling startin, of. 
60 inégal combustion re piston mahi.e, ha,ing 
 aiç comprssing iston subjec p oppo8 
ide o pressure o i in air comprsig and 
reverse bounce chambrs, respectivly 
conected power piston fr movi: said co» 
65 pressing piston in thé. direçtion ainst 
said air compressing chambm; and OEect bounc 
fidd pessure cushien means for mplpg 
piston in the opposite direction, sid aPau8 
cpmprising tiret a]çe. man  supyz- 
7o und çessue o s: vr¢ bounce, chambeç 
for moing aid pson fo a chosen position in 
the. flrst named directipn, second, valve mans 
for upplFing fluid- undr pessure fo sai chion. 
mes, vent valve, mas  etinz. 
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ber, and means fo ffecting operation of said 
vent valve means upon a chosen increase in 
pressure in said cushion means. 
21. An apparatus for controlling starting of an 
internal combustion free piston machine having 5 
an air compressing piston subject on opposite 
sides to pressure of air in air compressing and 
reverse bounce chambers respectively, a rigidly 
connected power piston for moving said com'- 
pressing  piston in the direction against air in l0 
said air compressing chamber, and direct bounce 
fiuid pressure cushion means for moving said 
piston in the opposite direction, said apparatus 
comprising valve means for supplying fiuid under 
pressure fo said reverse bounce chamber and to 15 
said cushion means, means for delaying supply 
of fiuid under pressure fo said cushion means 
with respect to supply Of fiuid under pressure to 
said reverse bounce chamber, means for cutting 
off said supply of fluid under pressure to and for 20 
bottling up the fiuid pressure in said cushion 
means, vent valve means for venting the fiuid 
under pressure from said reverse bounce cham- 
ber, and means responsive toa certain increase 
in pressure in said cushion means to effect oper- 25 
ation of said vent valve means. 
22. An apparatus for controlling starting of an 
internal combustion free piston machine having 
an air compressing piston subject on opposite 
sides to pressure of air in air compressing and 30 
reverse bounce chambers, respectively, a rigidly 
connected power piston for moving said com- 
pressing piston in the direction against air in 
said air compressing chamber, and direct bounce 
fiuid pressure cushion means for moving said 35 
piston in the opposite direction, said apparatus 
comprising means for supplying fluid under pres- 
sure to said reverse bounce chamber to more said 
pistons toa chosen position.in the first named 
direction, means for limiting toa chosen degree . 
the pressure of fluid supplied to said reverse 
bounce chamber, means for supplying fiuid under 
pressure to said cushion means, means for limit- 
ing toa chosen higher degree the pressure oï 
fluid supplied to said cushion means, vent valve 4 
means for venting fluid under pressure from said 
reverse bounce chamber and means responsive to 
a chosen increase in pressure in said cushion 
means to effect operation of said vent valve 
means. 50 
23. An apparatus for controlling starting of an 
internal combustion free piston machine having 
an air compressing piston subject on opposite 
sides to pressure of air in air compressing and 
reverse bounce chambers respectively, a rigidly 55 
connected power piston for moving said coin- 
pressing piston in the direction against air in said 
air compressing chamber, and direct bounce fluid 
pressure cushion means for moving said piston 
in the opposite direction, said apparatus com- 60 
prising a first valve means for supplying fiuid 
under pressure to said reverse bounce chamber 
for moving said pistons to a chosen position in 
the first named direction, fiuid pressure operable 
vent valve means for releasing fluid under pres- 65 
sure from said reverse bounce chamber, a feed 
valve device operable upon supply of finid under 
pressure to a first communication to supply fiuid 
ai a reduced pressure from said communication to 
said cushion means and to another communica- 70 
tion, choke and check valve means in the fiuid 
supply communication to said cushion means, a 
check valve for preventing reverse fiow of fiuid 
under pressure from said other communication, a 
second valve means for supplying fluid under  

pressure to said flrst communication, a thtrd valve 
means for opening said other communication to 
sald vent valve means, and means for effecting 
sequential operation of said first, second and 
third valve means in the order named. 
24. An apparatus for controlling starting of an 
internal combustion free piston machine having 
an air compressing piston subject on opposite 
sides to pressure of air in air compressing and 
reverse bounce chambers respectivey, a rigidly 
connected power piston for moving said com- 
pressing piston in the direction against air in 
said air compressing chamber, and direct bounce 
fiuid pressure cushion means for moving said 
piston in the opposite direction, said apparatus 
comprising a first valve means for supplying fluid 
under pressure to said reverse bounce chamber 
for moving said pistons to a chosen position 
in the flrst named direction, a second valve means 
for supplying fiuid under pressure to said cushion 
means, means for delaying operation of said 
second valve means with respect to operation of 
said fin'st valve means, vent valve means for open- 
ing a vent from said reverse bounce chamber for 
releasing fiuid under pressure therefrom to ten- 
der said pistons movable by pressure of fluid in 
said cushion means, means responsive to a chosen 
increase in pressure in said cushion means to 
effect operation of said vent valve means to open 
said vent, and means operable in response fo a 
reduction in pressure in said cushion means to 
effect operation of said vent valve means to close 
said vent. 
25. An apparatus for controlling startirg of an 
internal combustion free piston machine having 
an air compressing piston subject on opposite 
sides to pressure of air in air compressing and 
reverse bounce chambers, respectively, a rigidly 
connected power piston for moving said coin- 
pressing piston in the direction against air in 
said air compressing chamber, and direct bounce 
fluid pressure cushion means for moving said 
piston in the opposite direction, said apparatus 
comprising first valve means for sulplying fiuid 
under pressure fo said reverse bounce chamber, 
second valve means for supplying fiuid under 
pressure to said cushion means, vent valve means 
operable by fiuid under pressure to open a fiuid 
pressure vent from said reverse bounce chamber 
for releasing fiuid therefrom to tender said pis- 
tons movable by pressure of fluid in said cushion 
means, exhaust valve means for releasing fiuid 
under pressure from said vent valve means to 
effect operation thereof to close said vent, and 
means for delaying operation of said second valve 
means with respect fo operation of said first 
valve means and for. effecting first supply oî 
fiuid under pressure fo said vent valve means 
and then operation of exhaust valve means, sub- 
sequent fo operation of said second valve means. 
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